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NATTONAL, AERONAUTICS AND SPACE ADMINISTRATION

TECHNICAL MEMORANDUM X-~393

AERODYNAMIC CHARACTERISTICS OF A BLUNT HAIF-CONE
ENTRY CONFIGURATION AT MACH NUMBERS
FROM 3 TO 6%

By Michael F. Sarasbia
SUMMARY

Experimental and theoretical studies were conducted with a configura-
tion similar to the one described in NASA Memorandum 10-2-58A. The

configuration is basically half of a blunt 30° circular cone with a
trimmed lift-drag ratio of sbout 0.5 at supersonic speeds. Two sets of
controls were investigated with this configuration. One set, similar
to the one described in the forementioned reference, consisted of four
trailing-edge flaps of aspect ratio 0.6. The second set consisted

of two horizontal flaps of aspect ratio 1 for pitch control, and two
vertical flaps of aspect ratio 0.6 for yaw control.

The results of the tests indicated: (1) The configuration is
stable at Mach numbers from 3 to 6 and angles of attack ranging from
-180 to +18°. (2) The first set of controls described can provide
longitudinal, lateral, and directional control at angles of attack near
zero; however, the aerodynamic cross coupling at angles other than zero
could not be eliminated. (3) The second set of controls studied can
provide longitudinal and directional control through a large range of
angles of attack with little cross coupling but has no provisions for
direct roll control. Roll control would, therefore, have to be provided
by other means, for example, reaction jets.

TINTRODUCTION

The motion and heating of near-earth satellites during entry into
the earth's atmosphere have been thoroughly investigated in a number of
studies (see, e.g., refs. 1 to 4). As a result of these studies, the
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problems associated with atmosphere entry are now well recognized. In
current investigations (refs. 1, 5, and 6) attention is often directed
toward the study of configurations which appear attractive as entry
vehicles. 1In reference 1 such a . configuration was suggested and a
preliminary evaluation of its characteristics was presented. The con-
figuration is basically half of a blunt 30° circular cone with four
trailing-edge flap-type controls. Further studies of the characteristics
of this configuration have been made to provide additional information
on its performance and stability, its control characteristics, and the
pressure distribution over the body and control surfaces. The results

of the investigation are the subject of this report. A
3
NOTATION ko
A base area of vehicle, 1.26 1=
dr
Cp drag coefficient, Qii
Ct, 1ift coefficient, l&z%
Cy rolling-moment coefficient, rolllziﬁgoment (body axes)
Gy pitching-moment coefficient, pltchlziﬁﬁoment (body axes)
Cp yawing-moment coefficient, yaw1ni igment (body axes)
0
& re coefficient PP
D pressure coe > T
Cy side-force coefficient, §&§§_§9§E§.(body axes )
A
d base diameter of vehicle
& length of wvehicle
M Mach number
P static pressure

Poo free-stream static pressure “
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mounted on top for added depth.

free-stream dynamic pressure

angle of attack (measured with respect to the top surface)

angle of sideslip

incremental change due to control deflection

deflection

deflection

deflection

deflection

deflection

deflection

deflection

of the

of the

of the

of the

of the

of the

of the

lower

upper

lower

upper

lower

upper

control as aileron (control set I)
control as aileron (control set I)
controls as elevators (control set I)
controls as elevators (control set I)
control (control set IT)

control (control set II)

side control (control set II)

At zero deflection, control is normal to the body base and
positive deflections are outward into the air stream.

Subscript

derivative with respect to angle of sideslip

APPARATUS AND TESTS

The configuration tested is slightly more than half of a blunt
30° circular cone with a flat section which has circular leading edges

a photograph of the model tested are shown in figures 1 and 2,
respectively.

The configuration studied included a set of four trailing-edge

flaps with aspect ratios of 0.6 (control set I) similar to the set
This first control set is shown in figures

described in reference 1.

1 and 2. Additional studies were made with a set of trailing-edge

flaps (control set II) consisting of two horizontal flaps of aspect
ratio 1 and two vertical flaps of aspect ratio 0.6. This second set
controls is shown in figure 3.

A dimensioned three-view sketch and

of
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The tests were conducted in the Ames 10- by 1l4-Inch Supersonic
Wind Tunnel (ref. 7) at Mach numbers 3, 4, 5, and 6 and angles of attack
ranging from -18° to +18°. This range of angles was obtained in part by
rotation of the support system through 40 and in part by the use of
stings bent to angles of OO, 7°, and 14°. The lateral-directional
characteristics were measured at sideslip angles from 40 4o 40 at
angles of attack of approximately -7°, 0°, 7°, and 14°. The controls
were tested at 0°, 30°, and 60° deflection (for zero control deflection
the controls are normal to the body base). Test Reynolds numbers, based
on body diameter, are given in the following table:

Mach number Reynolds number,

million
3 0.43
N 1.82
5 -9
6 30

The forces and moments on the model were measured with a six-
component strain-gage balance. The model was supported from the base
by the balance assembly which was shrouded to eliminate any direct
aerodynamic loads on the balance.

A1]l force and moment coefficients are referenced to the body base
area. The pitching-moment coefficients are referenced to body length
and the yawing- and rolling-moment coefficients to body base diameter.

For the forebody and control pressure surveys the model was
supported from the base and for the base pressure survey the model was
supported from the top. Photographs of the models used in the pressure
distribution tests are shown in figure 4. The pressure coefficients
were evaluated from data taken with conventional dibutylphthalate and
mercury manometers.

Accuracy of the experimental results was affected by uncertainties
in the measured values of the pressures, forces, and moments and in the
determination of stream static and dynamic pressures and angles of
attack and sideslip. The combination of these uncertainties resulted in
estimated maximum errors in the test results as shown in the following
table:

M 3 4 4 5 6

@, 8 0.1° 0.1° 0.1° 0.1°
Cr» Cy 0.008 0.008 0.010 0.010
) 0.010 0.010 0.020 0.020
L/D 0.015 0.015 0.020 0.020
1) 0.003 0.003 0.004% 0.00k
Cps, Cy 0.003 0.003 0.005 0.005
Cp 0.015 0.015 0.020 0.020
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It should be noted that, for the most part, the test results presented
are in error by less than these estimates.

RESULTS AND DISCUSSION

Experimental results for the study configuration shown in reference
1 indicated a decrease in longitudinal static stability at positive
angles of attack; this decrease was believed due to overexpansion of the
flow in the region of the nose-cone Jjuncture. For this reason the
profile was modified from the hemisphere-cone used in reference 1. The
modification, which is shown in figure 5, was Selected to give the body
profile continuous curvature in the transition region from the spherical
nose to the conical body. The change in profile is small as is shown
in figure 5. The modification resulted in improved pitching-moment
characteristics as shown in figure 6. In this figure the moment
characteristics of the configuration before and after modification of
the profile are compared. All of the subsequent experimental results
presented herein were obtained with the modified body-nose profile.

The longitudinal aerodynamic characteristics of the configuration
were estimated with the aid of Newtonian impact theory for the nose and
conical surface and two-dimensional shock-expansion theory for the top
surface. The base-pressure coefficient was assumed to be equal to 0.7
of the vacuum pressure coefficient. The lateral-directional derivatives
and control characteristics were estimated with the aid of Newtonian
impact theory. The results of these calculations are presented together
with the experimental results.

Performance and Iongitudinal Stability

The variations with angle of attack of 1lift, drag, lift-drag ratio,
and pitching moment of the study configuration with all flaps of
control set I at zero deflection (90O relative to the base) at Mach
numbers 3, 4, 5, and 6 are shown in figure 7. At these Mach numbers
the configuration was stable and was trimmed at an angle of attack of
gbout 2°. The lift coefficient at this attitude was about 0.4 and
the lift-drag ratio was about 0.5. As noted earlier, these data were
obtained with the aid of bent stings. For this reason, several tests
were made at each Mach number to cover the complete range of angles of
attack. The data presented in figure 7 were obtained by a combination
of these runs. This procedure accounts for the steplike scatter in the

pitching-moment results, particularly at test Mach numbers of 5 and 6.




It may be seen that the estimated values of 1ift and drag are in
close agreement with the measured values over the test ranges of Mach
numbers and angles of attack. In figures 7(c) and 7(d), M = 5 and
M = 6, respectively, the estimates obtained with the aid of simple
impact theory (M = «) are also shown. For these estimates the pressure
coefficients are assumed to be zero for all vehicle surfaces which do
not "see" the oncoming flow. The primary difference between the
estimated drag value at M = 5 and 6 and the estimate for M = o is the
base drag which is assumed equal to l/M?- The 1ift coefficients esti-
mated for M = 5 and 6 differ from the calculated values for M = « in
the contribution of the pressures acting on the flat top. In the former
estimate these pressures were estimated with the aid of shock-expansion
theory, while in the latter case, they were calculated with the aid of
Newtonian impact theory. It is evident that for these Mach numbers,
better agreement with experimental results is obtained with results
based on the calculations which include estimates of the pressures on
the base.

The estimated trim angle of attack agrees well with the measured
values. However, the changes in the measured pitching moment with
angle-of -attack variation are greater than estimated. The variation of
measured pitching moment with angle of attack may be seen to approach
the estimated variation with increasing Mach number. In the calculation
of the pitching moments the contributions of the pressures acting on
" the top surface and the base were negligible since both resultant forces
act very nearly through the moment reference center. For this reason,
the estimated pitching moments are essentially the same for all Mach
numbers .

Lateral-Directional Stability

The effect of variations of angle of attack and of Mach number
on the lateral-directional-stability parameters, CnB’ CYB’ and Cy,, are
shown in figure 8. The results show that the configuration is statically
stable at all Mach numbers over the angle-of-attack range investigated.
It is also evident that variations of test Mach number and of angle of
attack have very little effect on the stability levels. The agreement
between the measured values and those estimated for M = « is fairly
good. .

Control Effectiveness

The characteristics of control set I with the body at an angle of
00 are shown in figure 9 and table I. The decrease in effectiveness
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of the upper controls with increasing Mach number is partly associated
with the decrease of wind-tunnel Reynolds number. Because of this
decrease, shock-wave boundary-layer interaction increases. This inter-
action manifests itself in an increase in boundary-layer thickness.
Portions of the control inside the boundary layer experience lower
pressures than the exposed portions. This interaction is partially
alleviated by a gap (0.021 1) between the body base and the control
hinge line. At a deflection angle of 60° and a Mach number of 4 the
pitching moment in figure 9 is about 10 percent of the control contribu-
tion greater than the moment presented in reference 1. This increment
is due to the gap added for the present tests. The increase in effective-
ness of the lower controls at large control deflections with increasing
Mach number is associated with changes in the flow about the controls
discussed in the presentation of the pressure-survey results. The
effect of angle of attack on the pitch control characteristics is shown
in figure 10.

From the control characteristics shown in figures 9 and 10,
tables I and II, and the body characteristics, estimates have been made
of the ability of control set I to trim the study vehicle over a range
of lift-drag ratios. The results are tabulated below:

Yo.| 1/p| % |%rin | Pey |%ey

0u37 | L0% 159 30° | 09
0.50 | 0.72 00 o° | o°
0 0.53{ =180 09 | 25°

0.46 1 0.75 o | 300 [18°
0.32 | 0.97 ® | 600 |L45°
0.22 | 1.25 -X | 90° | 65°

a\\J Fw o

Two methods of varying the lift-drag ratio were considered. With the
first method, the lift-drag ratio was varied in the conventional manner
by varying the trim angle of attack (numbers 1, 2, and 3). With the
second method, the controls were employed as drag brakes while the trim
angle of attack was maintained approximately constant at o° (numbers

o, 4, 5, and 6). From these tabulated results, it is apparent that
control set I provides for a reasonably wide variation of L/D by
either attitude control or drag modulation.

It is also apparent from figure 9, however, that when the upper
controls are used singly as ailerons, large pitching and yawing as well
as rolling moments are produced. It was found (see ref. 1) that this
cross coupling could be eliminated for small control deflections at zero
angle of attack by appropriately gearing opposite controls (e.g., the
lower left and the upper right) and thus a nearly pure rolling moment
could be produced. Pure yawing moments could be produced by deflecting
a lower control and cancelling the undesired moments by appropriately
gearing the two upper controls. .
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Since relative deflection of the controls required to eliminate
undesired moments is a function of angle of attack, as indicated in
figure 10, and of control deflection, the cancellation of the undesired
moments for large control deflections or at angles of attack other than
zero requires corrections in the deflection of the controls in addition
to the simple gearing. A simple method to eliminate control cross
coupling aerodynamically over the ranges of angles of attack and control
deflections was not found. For this reason, an alternate control system
was also studied briefly.

The alternate system (control set II) consisted of single upper and
lower flaps for longitudinal control and single flaps at either side of
the body base for yaw control. No provision was made for aerodynamic
control about the longitudinal axis. It would be anticipated that a
reaction-type system might be used for roll control. With the elimina-
tion then of the differential deflection of the pairs of controls that
is required for yaw and roll control with control set I, it would be
expected that only minor interactions would occur for the alternate
system.

f&ecMmaﬁaﬂ%kﬂofcmﬁmﬂsetIIatm1mgkaM?mtmkofoo
are shown in figure 11 and table I. As shown in figure 11 the side
flaps of control set II can provide yawing moments with only small
accompanying pitching moments. There is a small pitching-moment contri-
bution because the control drag acts along a line vertically displaced
from the moment reference center. This cross coupling could be
eliminated by a small change in the flap location. Control set II can
be used to vary the lift-drag ratio by varying the trim angle of attack or
by increasing the drag at a trimmed angle of attack near to 0°. An
estimate of the range of lift-drag ratios possible with the two methods
was made. Newtonian impact theory was used to estimate the control
characteristics and experimental data at M = 3 were used for the
body characteristics. The results are presented in figure 12. The
ranges of variation of lift-drag ratio may be seen to be similar to
those obtainable with control set I.

Pressure Survey

Body .- The results of the pressure survey on the forebody of the
study configuration at an angle of attack of 0° and Mach numbers of 3,
Y, 5, and 6 are shown in figure 13. Comparison is made with estimated
pressure coefficients obtained with Newtonian impact theory. In general,
the agreement between the estimated and experimental results is good
aft of the nose. 1In this case, agreement at the nose would probably be
better if impact theory were modified to give the correct pressure
coefficient at the stagnation point. In figure 14 the effect of angle
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oft atteck on the body pressure coefficients is indicated. The base
pressure coefficients with the body at an angle of attack of 4° are
shovn in figure 15 together with the value estimated assuming the
pressure coefficient to be 0.7 of the vacuum pressure coefficient.

Controls.- Pressure coefficients on the controls (control set I)
at a body angle of attack of 0° are shown in figures 16 and 17. At

- high deflection angles, pressure coefficients up to about 5 were found.

These values are much higher, of course, than those predicted with
Newtonian impact theory. These high pressures are a result of the multi-
ple shock-wave compression of the flow and are, therefore, higher than
the pressure at the nose stagnation point. The effect of this multiple
shock-wave type of compression increases with increasing Mach number

as evidenced by the increase in peak pressure coefficient with increasing
Mach number shown in figures 16 and 17. The shock-wave patterns about

“the controls are shown in figure 18. Pressures on the upper control

are also affected by shock-wave boundary-layer interaction, as can be
seen by the low value of the pressure coefficient at station y/a = 0.15.
This effect also increases with increasing Mach number primarily because
of the decrease in test Reynolds number. The latter effect seems to
rredominate with the upper controls, for the effectiveness of these
controls decreases while that of the lower controls increases with Mach
number, as can be seen in figure 9.

SUMMARY OF RESULTS

An investigation has been made of the performance, stability, and
control characteristics of a high-1ift, high-drag, satellite-entry
configuration similar to that proposed previously in NASA Memorandum
10-2-58A. Tests were conducted at Mach nunbers from 3 to 6, at angles
of attack from -18° to +18°, at angles of sideslip up to 4°, and for
control deflections up to 90°. The resulbts of this investigation are
as follows:

1. The configuration studied is longitudinally, directionally,
and laterally stable at all test angles of attack and Mach numbers.
With controls undeflected the vehicle trims at approximately O° angle
of attack and a lift-drag ratio of 0.5. Hither of the two control sets
investigated provides trim at lift-drag ratiocs from about O to about 0.5.

2. For the first control set studied, lateral-directional and
longitudinal control moments are cross coupled. Cross coupling can be
eliminated alt zero angle of attack by the proper deflection of the
controls. No method was found for eliminating cross coupling serody-
namically over a range of angles of attack.
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3. The second control set produces yawing and pitching moments

largely independent of each other. This set of controls requires that
the rolling moments be produced by some other means.

Ames Research Center

National Aeronautics and Space Administration
Moffett Field, Calif., June 29, 1960
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TABLE I.- CONTROL EFFECTIVENESS AT o = 0°;

CONTROL SET T

aaz B | M ACq, ACy AC AC, AC,
| 3P[3 [-0.0215[0.0158 | 0.0165 [0.0032 | 0.0050
b | -.0201| .019% .0093 | .0043 | .OOWT
51 -.0194%] .01k .0079 | .004%7 | .0030
6| -.0194| .0180 0122 | .0057 | .ook7
o® | 60°3 —| 0574 0540 | .o19k | .01kO
L -.o488] .0539 Ohse | L0179 | .0131
5| -.0467| .0582 Ok1o | .0165| .o101
6 -.0467| .0388 .0295 | .0155| .0118
30° ol 3 02731 .0323 | -.0280 | -.0136 | .0036
)3 L0251 0223 | -.0273 {=-.0129 | .0018
5 .0251f .0323 | -.024k | -.0136 | .0038
6 .0310{ .0230 | -.0205 ——— -
60° Pl 3 .0359| 1243 | -.0865 | -.04k6 | .0030
Iy Oh67| 21320 | -.09%0 | -.0467 | 0029
5 .0560| .1393 | -.1052 | -.0k70 | .0026
6 .0660| .1600 | =-.1110 | -.0513 ——

1L
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TARIE I.- CONTROL EFFECTIVENESS AT o = 0°;

CONTROL SET 1T - Concluded

3y 18, |8 | M| ACH ACp AC e ACy
Pl 3P] P| 3 [-0.04k5 [0.0452 [ 0.0L67 | O 0 .
b | -,0323 | .0309{ .033010 0
51{=.0230 | 0223 { .02231{0 0
6{=-.0180 { .0273{ .02301}0 0
Pl 6Pl Pl3t-.0898 1 0890 .08%0 {0 0
b {-.0768 | 06961 .079010 0
51 =.06L7 | .0632{ 06960 0
61-.0539 | .0639{ .0811L1{0 0
3l P| Pl3| o546 | .o7hT | ~.066% {0 0
Wl .o57h | L0610 | -.0646 {0 0
51 .0517 | .0553 | =.057k | O 0
61 0682 { .0589 | -.0639 { O 0
6P| & & i .1106 | 2761 | -.2097 | O 0
2 21099 | .2599 | =.210k | O 0
fl Pl3¢l3to L0538 | L0025 | .02k | O
ko 0438 | L0022 | .0237 | O
510 «0359 | L0061 { .0223 | -.0032
61{-.0043 | 01081 .00791{ .0287 | -.0090
| Pl e i -.0250 | .1k0o0{ 0215 .0998 | O
51-.0151 | .1508| .01%0{ .1106 | © N
6f-.0k0p | 1178 .0198 1 .10%1 | -.0086

OO




TABLE TII.- EFFECT OF CONTROL DEFLECTION ON

B, | Beq (M| © ¢, | L/D Co  ||%, |Bey | M| @ ¢, | L/D C
300 [150 13 1-3.9 | 0.298 | 0.393 | 0.0359 [}60° J 30° | L | «3.9 | 0.236 | 0.280 | 0.1085
2.9 318 ko5 | .0275 -2.8 1 .257] .300] .0920
-1.9 1 .33% ] .hes| L0187 -1.81 2761 3201 .O0778
-8 1 3k51 4381 L0115 -8 1 206 .338| .0632
2 3701 s L0087 21 313 -352( .0517
1.2 .383] 4511 -.0087 1.2} .331] .368] .0381
2.21 .399] .k60 | -.0115 2.0 1 .348] .381] .0259
3.2 Jh12| L6511 -.0180 3.2 1 .362] .390| .0129
hool Jhor!| JL70 | -.02kk ko3| .373] 397 .o0h3
b 1-3.91 279 .k1o| .0330 51-3.9 .230| .275}| .1135
-2.81 208 A3zl 0251 2.9 .o2541 .30k} .o9b7
-1.81 314 438 .o19k 1.9} .276] .325}] .0789
~.81 .332) .hs0] .0106 -9 .297| 346 ] 0646
21 3461 460 | L0057 .11 .316| .365| .0540
l.2| .362] .hk72lo0 1.1] .3341 .3821{ .okop
2.201 3751 476 -.0057 2.1 1 .350] .395) .0266
3.2] .386] 480 -.01l22 3.1] -3651 .hop] .0158
hopot .397] 482 -.0169 .1} 3807 b0 .0029
51-3.9| .282] .hk33| .0287 61 -4 241 255 L1250
-2.91 298| .Usp] .o20L -3 2661 2801 .0983
1.9 .317| .46k ] .0133 -2 2921 .310| .0T7h0
~.91 .33%] 4761 .0079 -1 .313| .325] .0560
1 W3ho) 487 .oo1kh 0 334 350 0205
1.1] .363] .hool -.0036 1 3581 3651 .0106
2,11 377 -ho7]-.0112 2 37| 378 | -.001k
3.1} .3901 .50L} -.0L72 3.1} .392{ .390]| -.0187
hoal Jhoz| .503 | -.0206 ol Jhogl 395 -.0323
6 | -k 308 ] B33 L0p59 9o 65°) 3 -3.9] .275| .210| .0103
-3 3021 WAmso | L0172 -1.81 .302] .2161} -.0027
-2 AL 4661 L0086 ~.91 .309] .218] -.0125
-1 3601 48010 L .3220 221 -.0206
0 3751 490 | -.0036 1.1] .327] .223| -.0305
1 23911 4951 -.0129 2.1] .3321 .225| ~.037h
2.1] Jbok] .hos| -.0183 3.1] .34k .026 | -.0kk4E
3.11 b6 b6 ~.0p57 hop] 3451 227 -.0538
Lot} Wher) Jho6 | -.0323
0O o -3, 2601 .26 1090 5{-2.9] .272| .220| .0le2
607|331 301 8o o | oot 1.9 | .283| .225 -.0057
-1.9| -300| .312| .088k4 -9 .20k| .232| -.0137
_al .318] 306] 0675 1| .309) -2hk1} -.0309
2 3341 337 .0596
1.2] -3501 .350| .OW6O
2.2 365} .363] .0316
3.2] .380| 3711 .0208
Loy 395 379 -0079
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A-26829
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A-26392

(c) Base pressure model.

Figure 4.- Pressure survey models.
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(a) Study configuration controls undeflected;
control set I, M = 3.
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(b) Upper control deflected 60° lower control undeflected;

control set II, M = L.

A-25649

(c) Upper controls deflected 90° lower controls 65°;
control set I, M = 3.

Figure 18.- Shock-wave pattern on the study configuration.
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